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Abstract 
Introduction:  Persistent pain following root canal treatment (RCT), a common dental procedure, 
can be either of odontogenic or nonodontogenic origin. The prognosis for patients experiencing 
such pain is dependent on differentiating patients into these 2 categories and deriving specific 
diagnoses, since appropriate treatment various dramatically. This study aims to present the 
proportions of specific diagnoses these patients have and provide information about their signs 
and symptoms, including radiographic findings.  
Methods: This study was nested within a parent prospective observational study that followed up 
patients for 6 months following RCT. Patients meeting criteria for persistent pain at 6 months and 
living in Minnesota were considered eligible cases. Cone-beam Computed Tomography (CBCT) 
and dental radiographs were obtained and patients were individually evaluated by an endodontist 
and an orofacial pain practitioner to derive consensus diagnoses.  
Results:  A total of 38 patients met the criteria, of which 19 were evaluated. Odontogenic reasons 
for persistent pain occurred less frequently than nonodontogenic reasons (42% vs. 53% 
respectively). There was an overlap of odontogenic and nonodontigenic reasons in 10% of the 
patients.  About 16% reported some level of pain that seemed to be related to normal “healing”. 
Of patients with odontogenic reasons, about one third was related to the previously treated tooth 
and the other two thirds were related to adjacent teeth. Temporomandibular pain disorder (TMD) 
was the most common nondontogenic reason for pain, comprising 42% of all patients and 80% of 
those with nonodontogenic pain. Persistent dento-alveolar pain disorder (PDAP) was less 
common, comprising 10% of all patients and 20% of those with nonodontogenic pain. 
Conclusion: Data from this study help in quantifying the frequency of odontogenic versus 
nonodontogenic reasons for persistent pain following RCT.  
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 INTRODUCTION 
 
Pain is defined as “an unpleasant sensory and emotional experience associated with 
actual or potential tissue damage, or described in terms of such damage (1). Pain in the 
orofacial region is very common to the human condition, and tooth-related pain is the 
most prevalent of such pains (2). Lipton et al (3) surveyed 45,711 American households 
and reported that nearly 22% of the general population experienced at least one of five 
types of orofacial pain in the past 6 months with the most common type being toothache, 
reported by 12% of the population. Such patients, often treated with endodontic 
procedures, are known to experience moderate amounts of pain (4) which may interfere 
with daily activities [unpublished data, Nixdorf et al], something that directly affects 
productivity. General health-related work losses are estimated to cost US employers more 
than $260 billion each year (5), with tooth pain related work losses being a component, 
making this a significant social problem. 
 
Treatment of odontogenic pain 
Tooth pain is the most common reason why patients seek dental care (6). Odontogenic 
causes of tooth pain include inflammatory disease of the pulp or periodontal tissues. Once 
a definitive diagnosis of irreversible pulpitis or pulpal necrosis is established by a 
clinician, orthograde root canal therapy (RCT) is the most commonly performed 
procedure for treating these types of dental pathosis (7, 8). RCT has been demonstrated to 
successfully treat tooth-related pain intensity and duration (4) [unpublished data, Nixdorf 
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et al], and therefore thought to be the initial treatment of choice for such odontogenic 
pain. 
 
Persistent pain following RCT  
Research in this area, although limited by design and numbers, suggests a frequency of 
occurrence to be between 3% to 12% for persistent post-root canal pain (9-11). A 
systematic review identified 26 studies (5,777 teeth enrolled) that had reported 
participants’ pain status, regardless of etiology, at 6 months or later following root canal 
treatment. This research estimated all types of persistent “tooth” pain to be 5.3% (95% 
CI: 3.5%-7.2%; p < 0.001) (12). This is significant because 16.4 million root canals are 
performed annually in the United States (8), which extrapolates to approximately 875,000 
endodontic patients experience persistent “tooth” pain every year – making this a public 
health concern. These patients may seek care from multiple healthcare providers in their 
attempts to address their symptom of persistent pain, thus potentially incurring high 
medical bills and missed workdays (13) [Nixdorf et al 2012-abstract from IADR meeting 
in Seattle]. Such pain carries with it a largely unknown individual and societal burden.  
 
Differential diagnosis of persistent pain following RCT  
Persistent tooth-related pain can be associated with odontogenic etiologies, such as 
missed canals, incompletely obturated canals, failed coronal seal, root fracture, and 
unresolved periapical infection (14). There may also be nonodontogenic reasons for pain 
being perceived in the region of a tooth (15). This may include referred myofascial pain 
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(16), neurovascular pain (a.k.a. headache disorders) (17), what is thought to be 
neuropathic pain (18), “psychogenic toothache”, and pathologic processes referring pain 
to the dentoalveolar regions (19-22). Given this array of potential diagnoses, and 
underlying etiologies, it is difficult to accurately determine the origin of this persistent 
pain problem (15, 23).  
 
Although nonodontogenic pain persisting after RCT has been thought to be rare (24), 
there are estimates that range from 3 to 12% (9, 10, 25). A systematic review and meta-
analysis of nine articles containing data regarding both odontogenic and nonodontogenic 
causes of tooth pain estimated the frequency of patients having a nonodontogenic reason 
for this persisting pain to be approximately 56% (44/78 cases) with an estimated 3.4% 
occurrence (26), which suggests the outcome of nonodontogenic tooth pain is not as rare 
as previously assumed.  
 
Published literature on the topic of differential diagnosis of patients with nonodontogenic 
pain is typically case series from tertiary-referral centers (27-31). However, tertiary care 
studies do not represent typical dental patients receiving root canal therapies, or the 
typical dental office, which is where the majority of root canal therapies are provided, or. 
Thus, these studies are limited in their capacity to accurately estimate proportions of 
endodontic patients with various nonodontogenic pains. Moreover, these studies often 
presented their data in aggregate form, making it impossible to determine proportions of 
different types of nonodontogenic pain. To our knowledge there have been no studies that 
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followed up cases of pain persisting following RCT to determine the actual diagnosis, 
and presumed etiology, for the symptom of pain. For these reasons, it is currently 
impossible to derive a credible estimate that answers the following questions:  
• What are the diagnoses, and presumed underlying etiologies, for patients who 
have persistent pain at 6 months following RCT? 
• Of the people who have persistent pain following RCT, what proportion is due to 
inflammatory-based dental pathosis and, therefore, would be amenable to 
endodontic retreatment and what proportion is of nonodontogenic origin and, 
therefore, would not be amenable to endodontic retreatment?  
• What are the pain characteristics these patients’ experience that can help 
differentiate those with odontogenic etiologies from those who have 
nonodontogenic etiologies?  
  
For these reasons, more research focused at determining the diagnoses, as well as 
underlying etiologies, is needed to guide clinical dental care. This study aims to provide 
specific diagnoses and information about the presumed etiologies for patients with pain 
present at 6 months following RCT, as well as present the proportions of the various 
diagnoses and pain characteristics. Our study was nested within a prospective 
observational study that was designed to determine the proportion of patients, drawn 
from local community-based dental practices, that experience pain present at 6 months 
following RCT (details described elsewhere,(32)). 
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METHODS 
 
Background  
This study originated from a large-scale prospective longitudinal cohort study following 
patients that received RCT performed by dentists enrolled in the National Dental 
Practice-Based Research Network (National Dental PBRN or network). The National 
Dental PBRN is a group of dental practices that have been linked together to investigate 
research questions and to share experiences and expertise. Details about this network are 
on its website (http://www.nationaldentalpbrn.org). Applicable ethics approval was 
garnered from the various institutions involved in this parent study.  
 
The aim of the parent study, which is relevant to this research, was to estimate the 
frequency of patients reporting pain at 6 months following RCT and to describe the 
impact of this pain. Sixty-two dentist practitioner investigators in 5 geographic regions: 
Alabama/Mississippi, Florida/Georgia, Minnesota, Permanente Dental Associates in 
Oregan/Washington, and Denmark and Sweden were trained regarding the standardized 
study protocol. Enrollment and baseline data collection occurred over 6 months with 
follow up at 6 month after RCT. Patients and dentists completed questionnaires before 
and immediately after treatment visits. Patients also completed questionnaires at 1 week, 
3 months, and 6 months after RCT completion. A total of 708 patients were enrolled in 
the study with 651 patients providing follow up data at 6 month. For more details of this 
parent study, see below and the Methods publication of this study published in the 
Journal of Endodontics, Nixdorf et al, 2012 (32).  
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Selection criteria of the parent study 
Inclusion criteria included; patients aged 19 to 70 years and patients with a permanent 
tooth requiring initial orthograde RCT. Exclusion criteria included; evidence of treatment 
having initiated for an iatrogenic pulpal exposure (cases with a carious exposure of the 
pulp were not excluded), previous in this study (each patient could only contribute 1 
tooth to the study), previous endodontic treatment that would make it unclear whether 
pain was associated with the prior treatment or attempt at treatment, obvious cognitive 
impairments (e.g. previous stroke with communication deficits, dementia or mental 
disability), the inability to read, understand, and complete the baseline patient 
questionnaire, and the anticipated inability to provide 6-month follow-up information.  
 
Primary outcome measure of parent study 
In the parent study, all enrolled patients were asked to complete a follow-up patient 
survey at 6 months following the obturation of the RCT treated tooth. The primary 
outcome measure of pain persistent at this time point was defined by 2 questions: “How 
many days in the past month have you had pain in the area that was treated with a root 
canal?” and “In the past month, on the average, how intense was your tooth pain rated 
on a 0 to 10 scale where 0 is ‘no pain’ and 10 is ‘pain as bad as could be’?” The latter 
question is part of the Graded Chronic Pain Scale (GCPS) questionnaire that has been 
shown to be a reliable and valid pain measurement tool and is used extensively in 
epidemiological studies (33, 34). A positive response to both questions, which was a ≥1 
response to each question, was the criteria for being a case of persisting pain in this 
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parent study. Patients that did not meet these criteria, by providing a response to either 
question or failing to respond to one of these questions, were defined as non-case. This 
included patients providing discordant responses (e.g., patients that reported having pain 
for more than one day in the past month, but reported an average pain level of zero). 
 
Eligibility criteria and enrollment for nested study  
This study was nested within the parent study, meaning those patients meeting the criteria 
for persistent pain would become eligible to enter this study. For feasibility reasons, 
namely local proximity, only patients within the Midwest region, that is Minnesota, of the 
network were considered for inclusion in this study so that patients could travel for 
evaluations to be held in one central location. A total of 390 patients in the parent study 
were enrolled in this region. Of these patients, 38 patients fit the eligibility criteria for 
having persistent pain (thus, defined as a case) and, therefore, were the target patient 
sample to be contacted for participation in the nested study. Of particular interest, 
patients enrolled in the parent study were consented to be followed up but not necessarily 
to participate in this study. Therefore, research staff from the parent study contacted those 
eligible patients and obtained verbal consent of their interest to be referred on to the 
nested study. When a willing response was obtained, contact details were passed from the 
parent study to the investigators of the nested study and used to contact these patients. 
This recruitment process, including handling and transfer of contact information, was 
reviewed and given approval by the University of Minnesota’s research ethics board.  
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Setting and evaluators for nested study 
This study was conducted in the Oral Health Clinical Research Center (OHCRC) at the 
University of Minnesota, School of Dentistry, Minneapolis, Minnesota. The OHCRC 
maintains a fully equipped multi-purpose research clinic consisting of 10 dental 
operatories. Radiographic images, namely cone-beam Computed Tomography (CBCT) 
and dental radiographs, were obtained from the facilities within the Division of Oral and 
Maxillofacial Radiology, which was proximal to OHCRC. All patients attending the 
OHCRC were independently evaluated by a board certified Endodontist, Dr. Alan Law, 
and a board certified Orofacial Pain practitioner, Dr. Donald Nixdorf.  
 
Nested study protocol and data collection 
Each evaluator performed a complete history and physical examination independently 
following their specific data collection processes. The resultant data was recorded on the 
clinical forms of their respective disciplines (Appendices 1 & 2). Radiographs were also 
reviewed independently, with findings being documented (Appendix 3). Both clinicians 
derived their own impression for the diagnoses and, via discussion, arrived at consensus 
diagnoses for each of the diagnostic categories (Appendix 4). This same consensus-based 
methodology has been used successfully at the recent RDC/TMD Validation Project (35). 
 
The process of obtaining the required data followed accepted clinician practices (15). The 
diagnoses rendered followed diagnostic criteria, classifications, and terminology 
established for periapical/ periradicular disease (36-38), orofacial pain (16, 39-41), 
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headaches (17, 42, 43), and temporomandibular disorders (TMD) (44, 45) (unpublished 
data, Schiffman et al, under review with the Journal of Orofacial Pain). Additional 
information about each participant was collected during this study. This included 
information about oral health quality of life, using Oral Health Impact Profile-14 (OHIP-
14), pain quality and intensity using McGill Pain Questionnaire, oral function using the 
Jaw Functional Limitation Scale (JFLS), and anxiety and depression using the Hospital 
Anxiety and Depression Scale (HADS). Data from these questionnaires is not presented 
here since it is beyond the scope of this thesis. Figure 1 diagrams the study protocol and 
the steps involved in data collection process for the parent and the nested studies.  
 
Data management and statistical analyses 
The data was recorded on paper forms during the evaluations within the OHCRC. Data 
was inputted, using a double-checking process between two different research members, 
into an Excel spreadsheet (version 14.3.2 for Mac, Microsoft, Seattle, WA). Descriptive 
analyses, such as means, 95% confidence intervals, t-tests, and chi-square tests, were 
performed using the same Excel software. Data that was missing was noted when it 
occurred, and no attempts were used to impute values. 
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RESULTS 
 
The parent research study enrolled 390 patients at baseline within the Minnesota region. 
Of those, 354 (91%) returned data at 6 months and comprised the study sample this 
nested study had available to follow. Of those 354 patients, 38 (11%) met criteria for pain 
at 6 months following RCT, and were considered eligible cases. A total of 20 patients of 
these 38 patients (50%) agreed to participate in the nested study and were evaluated at the 
University of Minnesota. One patient was excluded from data analysis because he/she did 
not meet both criteria for being a case because the patient responded positively to one 
question and negatively to the other so that the case definition was not clear. The removal 
of this patient resulted in a final study sample of 19 patients that were evaluated at the 
University of Minnesota OHCRC (Figure 1).  
 
Patients’ characteristics 
Table 1 shows the demographic characteristics of the study patients. The mean age of 
cases was 49 years. The majority of patients was female (84%), white (95%), and had at 
least some college education (79%). Eighty-four percent were employed at the time of the 
evaluation and 47% of cases reported an annual household income equal or greater than 
$50,000 per year.  
 
Characteristics of study RCT teeth  
Maxillary teeth comprised 53% of treated teeth with the 89% being posterior teeth. Soft 
tissue assessment of all teeth was within normal limits. As expected, no positive pulp 
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testing was noted on teeth that had previous root canal treatment. No mobility or cracks 
were detected on any of the teeth. Of the 19 root canal treated, 16 teeth (84%) were 
restored with permanent crowns. Most of the teeth (79%) showed no signs of periodontal 
disease with probing pocket depths less than or equal to 3mm. Only one tooth showed 
significant periodontal bone loss, with a probing depth of 6mm (Table 2). 
 
Pain related characteristics  
The majority of patients with an odontogenic reason for their persistent pain 66% 
(N=4/6) reported a “0” pain intensity at the time of the evaluation in OHCRC and 
subsequently described their pain as intermittent pain, while the majority of patients with 
a nonodontogenic reason for their persistent pain 62% (N=5/8) had a pain intensity of “1-
2/10” at the time of the evaluation. “Dull and achy” was the most used description for the 
pain quality, regardless of the diagnosis. There was a significant difference noted in the 
report of pain localization, with 83% (N=5/6) of patients with an odontogenic diagnosis 
describing their pain as “well localized” versus only 25% (N=2/8) of patients with a 
nonodontogenic diagnosis using the same description. 
The majority of patients in our study 63% reported a history of overall chronic pain, 
including neck, shoulder, knee, ankle and pelvic pain, and one case of multiple sclerosis, 
regardless of the diagnosed reasons for their persistent pain. Surprisingly 75% of patients 
with nonodontogenic reasons for their pain, which was mainly TMD, reported no 
previous history of TMD diagnosis. Table 3 diagrams in details the pain characteristics in 
relation to different diagnoses. 
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Physical findings related to pain  
Physical findings supporting an odontogenic diagnosis of persistent pain included 
responding positively to tenderness to percussion as well as pain to biting on a tooth 
sleuth on the study tooth or/and the adjacent tooth in 83% of patients diagnosed with an 
odontogenic reason for their pain. The palpation test seemed to be not as sensitive to 
complaints of persistent pain, since only 17% of patients with odontogenic pain reporting 
tenderness to palpation of the apical area over the tooth. No maxillary-mandibular arch 
referral was noted. 
 
Physical findings supporting a nonodontogenic diagnosis included tenderness to 
palpation on the masseter, temporalis, and lateral pterygoid muscles, as well as the 
temporalis tendons reproducing a component of the patient’s complaints of persistent 
pain were diagnosed with TMD. One patient with a pre-existing diagnosis of multiple 
sclerosis believed her pain to be related to symptoms of recurrence of her trigeminal 
neuralgia pain. Her persistent pain was duplicated by palpation of the lateral pterygoid 
muscles and the temporalis tendons, which was bilateral in presentation and unlike her 
pretreatment trigeminal neuralgia pain; therefore her pain was also diagnosed with TMD. 
A positive response to sensory testing, such as pain to probing and pain to touch 
(allodynia), suggested the presence of nerve dysfunction and, therefore, supported a 
diagnosis of persistent dento-alveolar pain disorder (PDAP) in 2 cases. One of the two 
patients diagnosed with PDAP reported that the sensory testing findings were consistent 
with those she reported were present for years prior to RCT. On the other hand the 
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second patient diagnosed with PDAP had no such report and therefore was believed to 
represent a new onset of sensory nerve dysfunction. See table 4 for details on physical 
signs related to pain. 
 
Radiographic findings 
The majority of patients with an odontogenic reason for their persistent pain 
demonstrated significant findings on their PA films and CBCT scans. A total of 67% of 
patients had significant findings on their PA films while 100% of patients had significant 
findings on their CBCT scans. Examples of the findings were missed canals, C-shaped 
canal, and overfilled/ underfilled canals of either the study tooth or an adjacent tooth. 
Three cases with odontogenic reasons for their pain had no findings on their PA films but 
findings were revealed on their CBCT scans. 
 
On the other hand, patients with nonodontogenic reasons for their pain had fewer findings 
on their PA films and CBCT scans. The radiographs of most patients (75%) with a 
nonodontogenic diagnosis were normal, while only 25% revealed periapical 
radiolucencies. Pre-operative radiographs were not available to compare whether there 
was radiographic evidence of “healing” in these patients. Table 5 shows the distribution 
of radiographic findings in relation to the diagnosis.  
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Comparing all RCT patients with persistent pain at 6 months to those evaluated in our 
study 
 
There is a great similarity noted in the baseline characteristics between all RCT patients 
with persistent pain at 6 months (N=38) to those who participated in our study (N=19) in 
regards to the average age of patients, as well as the predilection of the female gender. 
Also, in both groups maxillary posterior teeth made up for the majority of cases. The 
average pain intensity at 6 months, number days in pain with in the last month, number of 
patients taking medications for pain as well as number of days with lost activity due to 
pain were also very close between groups (Table 6). 
 
Experts’ consensus diagnoses for persistent pain  
Evaluation of cases in this study revealed that 32% (N=6) had exclusively odontogenic 
reasons for their persistent pain, 42 % (N=8) had exclusively nonodontogenic reasons, 
10% (N=2) had mixed odontogenic/ nondontogenic reasons, while 16% (N=3) had 
“delayed healing”. Figure 2 diagrams the experts’ consensus diagnoses with detailed 
etiological factors for their persistent pain. 
 
1. Exclusively odontogenic pain group 
This group comprised of 6 cases (32%, 95% CI: 11%-53%) being diagnosed with 
inflammatory-based dental pathosis as the reason for their pain. The diagnosis was either 
related to persistent pathosis of the RCT tooth as a result of missed canals in 50% of 
cases (N=3), or related to the adjacent tooth as a result of pulpal/apical pathosis or 
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persistent pathosis associated with a previous RCT in an adjacent tooth in the other 50% 
of cases (N=3).  
 
2. Exclusively nonodontogenic pain group 
This group comprised of 8 cases (42%, 95% CI: 20%-64%) being diagnosed with 
nonodontogenic reason as the sole etiological factor for their pain. TMD was the most 
common diagnosis within this group, with 7 out of the 8 patients (88%). Only one patient 
was diagnosed with PDAP as the sole etiological factor for persistent pain. None of the 
patients had Trigeminal Neuralgia presenting as “tooth” pain. Also no patients were 
diagnosed as having either a headache disorder or distant pathosis presenting as “tooth” 
pain. 
 
3. Mixed odontogenic/nonodontogenic pain group 
This group comprised of 2 cases (10%) being diagnosed with both an odontogenic and a 
nonodontogenic diagnoses as both reproduced a component of their chief complaint. In 
this group, one patient had signs and symptoms of TMD as well as pulpal pathosis in an 
adjacent tooth while the second patient was diagnosed with PDAP and pulpal pathosis in 
an adjacent tooth. In these cases it was believed that both diagnoses were contributing to 
the presence of persistent pain.  
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4. “Delayed healing” group 
Sixteen percent of patients (N=3) were not diagnosed with neither odontogenic nor 
nonodontogenic reason for their persistent pain. It was thought that these patients were 
experiencing “delayed healing” of the RCT tooth which in one of the patients in this 
group may have been related to her chronic history of Lupus Erythematosus (46) since 
there were no significant findings on her radiographs. On the other hand radiographs of 
the remaining two patients revealed apical radiolucency and an overfilled root canal. No 
other medical conditions were reported by the remaining two patients. 
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DISCUSSION 
 
This nested study determined that about 3 of 10 patients reporting pain 6 months 
following RCT had an odontogentic reason for this pain and about 4 of 10 had a 
nonodontogenic. Half of the remaining patients had both odontogenic and non-
odontogenic reasons while the other half had no specific diagnosis and therefore where 
referred to as experiencing “delayed healing” as a reason for their pain (figure 3). 
 
Odontogenic group 
Of all patients that were diagnosed with odontogenic reasons for “tooth” pain, only 3 
patients (16%) were determined to have been caused by persistent pathosis associated 
with the RCT tooth, likely related to failure to remove all the pulpal tissue in the case of 
missed canals, or possibly extruded root canal filling/debris (47). 
 
The other 2/3s of patients with an odontogenic diagnosis were due to symptomatic 
pathosis in adjacent teeth. The diagnoses of adjacent teeth with symptomatic pathosis 
were either apical periodontitis or persistent pathosis associated with a previous RCT. 
This presentation of dental-related disease in adjacent tissues should not be unexpected 
because factors related to the presentation of oral disease are known to have local effects, 
both to the site of disease and to the person experiencing the disease, such as caries 
secondary to inadequate oral hygiene (48) and pulpal necrosis secondary to trauma; thus 
supporting the observation of adjacent teeth being affected.  
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Nonodontogenic group 
The most common nonodontogenic reason for “tooth” pain was TMD, which involved 
42% of all patients with pain 6 months following RCT. The subtype of TMD related to 
this type of pain being referred to the RCT tooth was myofascial pain and involved the 
masseter, temporalis, and lateral pterygoid muscles, as well as the temporalis tendons.  
Patients’ perception of their TMD symptoms as “tooth pain” can be explained as the 
concept of referred pain. It has been well established that patients with TMD often report 
referred craniofacial pain arising from palpation of the head and neck region. In a study 
evaluating referred craniofacial pain patterns in patients with TMD the most common 
referred pain source to the teeth in the craniofacial region was from palpating the 
masseter muscle, followed by the lateral pterygoid muscle and the temporalis muscle 
(49). 
 
However, this study cannot address the questions of whether the initial symptoms of pain 
may have been misdiagnosed as odontogenic in origin (50-52), whether odontogenic 
pathosis sensitized the somatosensory system and contributed to the initiation of TMD 
that was maintained while the pathosis was adequately treated (53-55), or whether the 
onset of TMD was more related to the provision of RCT because the patient’s mouth was 
open wide for a protracted period of time (56). 
PDAP, which many feel has underlying dysfunction of the somatosensory system (18, 
57-59), was diagnosed in 2 patients, which represents 11% of those presenting with pain 
6 months following root canal therapy. The criteria used to determine these diagnoses 
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followed published criteria (39, 60) and seems to have face validity with the 
comprehensive assessment by 2 different expert clinicians that arrived at a consensus 
agreement. One of the 2 patients diagnosed with PDAP had long standing symptoms 
consistent with PDAP, likely secondary to a prior midfacial fracture, and therefore can be 
considered to be a pre-existing comorbid diagnosis. The other patient diagnosed with 
PDAP appeared to have had a new onset of this pain disorder, thus fitting the definition 
of being an incidental case of PDAP. 
 
Mixed odontogenic/nonodontogenic group 
The presence of a mixed odontogenic/nonodontogenic pain group is very important 
because the proper diagnosis and management requires a wide range of knowledge, like 
that required for the separate presentation, but the co-presentation makes it hard to 
separate the symptom of pain from pathosis and that from a somatosensory pain disorder. 
These are examples where the assumption that the complaint of pain does not necessarily 
involves a single reason (23). Research estimating the frequency for the proportions of 
odontogenic pain and nonodongenic pain following RCT suggested that it was split half 
and half (26). This estimate was limited by the dichotomous nature of the data collection 
process in the review, something that is made obvious by this study that identified 10% of 
patients in the mixed odontogenic/nonodontogenic group. 
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“Delayed healing” group 
One patient in the “delayed healing” group had a chronic history of Lupus 
Erythematosus, which could have contributed to the delayed healing of the RCT tooth 
(46). The 2 other patients in this group had apical radiolucencies and an overfilled root 
canal but reported a pain intensity of “0/10” and no tenderness to percussion or other 
pain-related finding. This lead to the opinion that their symptoms of pain following RCT 
may have extended for longer periods due to a foreign body reaction or periradicular 
inflammation related to the presence of gutta purcha in the periradicular area (61), 
however their symptoms may have resolved by the time they presented for their clinical 
evaluation. 
 
Since baseline characteristics and other pain related data were very similar for the 19 
patients that were evaluated in this study and the total number of patients reporting pain 
at 6 months(i.e. 38) (Table 6), the identification of 4 prevalent cases and 2 incident cases 
would be expected. Given the sample that these 2 cases, 1 hypothetical and 1 observed, 
came from 390 patients from the Minnesota region, the calculated prevalence is 1.0% and 
incidence is 0.5%.  
 
Findings related to pain characteristics 
Due to the small sample size it was difficult to draw accurate conclusions regarding 
certain pain characteristics that can help differentiate those with odontogenic reasons for 
their pain from those with nonodontogenic reasons. However, it is worth mentioning that 
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patients with in the nonodontogenic group that were diagnosed with TMD had no prior 
official diagnosis of TMD. This highlights the importance of performing a thorough 
TMD evaluation to patients with pain 6 month following RCT and warns against relying 
solely on the absence of pre-existing TMD diagnosis or on patient’s reports of previous 
history of jaw pain. 
 
Findings related to radiographs  
The fact that CBCT scans revealed more findings, which were significant in rendering a 
diagnosis, compared to the PA films demonstrates its value. This finding is also 
consistent with previous research (62). While this study is not longitudinal in nature, it 
none the less suggests that there is importance for using CBCT, in selected instances, to 
assess the integrity of RCT when pain persists 6 months after treatment. These findings 
are in line with findings from a study investigating the value of adding CBCT imaging to 
PA films for patients diagnosed with PDAP (63). 
 
Strengths of the study 
 
i. Minimizing bias: The nested case-series design of this study provides an added benefit 
since the sample and the methods for which patients were drawn are superior to that of 
other case series. The nested design with in the longitudinal cohort parent study helped 
minimize bias in case selection since eligibility criteria for being a case was pre-
determined and study investigators were not involved in the enrollment process, but 
independent dentists and endodontists were. Cases were enrolled from regular clinical 
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practices and, therefore, were not subject to bias associated with secondary and tertiary 
referral patterns. 
The consensus expert driven diagnosis was reached after independent evaluations by two 
specialists in the two fields of interest (i.e. enododontics and Orofacial pain), thus 
rendering reliable results and minimizing bias. 
 
ii. Generalizability of the results to the typical endodontic patient: Original recruitment 
of subjects in the mother study through the National Dental PBRN offered the advantage 
of recruiting large numbers of patients from various geographic areas and multiple 
practices including both general dentists and endodontists. Most endodontic studies 
report data from patients treated by endodontists (64), although, according to dental 
surveys, the majority of patients needing RCT are treated by their general dentist (8). 
Recruitment through the National Dental PBRN allowed for a better representation of the 
average patient and the common practice situation, rather than patients seen in obscure 
[i.e. university] clinics, such as those dominating the published literature, thus improving 
the generalizability of the results (65) to the general population receiving RCT. 
 
The mean age of the study subjects was 48 years old (standard deviation = 13), with a 
range of 19 to 70 years.  This is similar to the ages of patients seen by both general 
dentists and endodontists in the United States (8). There was a majority female 
representation of 63%, versus only 37% males. An annual income greater than $30,000 
was reported by 73% of the subjects, and 79% reported having at least some college 
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education. These results were expected, as dental patients who receive RCT are 
substantially different from dental patients in general, being predominantly white and 
female with a higher socioeconomic level (66). Most teeth treated in this study were 
posterior teeth (91 %) with the majority being maxillary teeth (56%), which is very close 
to similarly designed studies and Dental surveys (8, 67). All of the above also suggests 
generalizability and applicability of the results to the general population receiving RCT. 
 
Also the addition of CBCT imaging as a radiographic modality improved the diagnostic 
certainty compared to sole use of periapical radiographs (62, 68). 
 
 
 
Limitations of the study 
 
Even with large numbers, 11% prevalence of pain at 6 months results in a small sample 
of patients in the Minnesota region from which to draw. This is a limitation of studies 
that aim to describe infrequent outcomes. This can be improved upon by increasing the 
original samples size, such as enrolling more patients in the Minnesota region of the 
parent study or having other sites in the parent network conduct the nested study 
protocol. 
 
The low recruitments rate, 19/38 (50%) of those who reported pain at 6 months, was 
likely related to not having this nested study involved within the initial consenting 
process of the parent study, since it was conceived and initiated after approval of the 
parent study was being implemented. This resulted in patients not being aware that they 
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could be asked to participate in this follow up study and it made the transfer to, and 
consenting for, the nested study cumbersome since the exchange of information involved 
2 institutions. This may not have had a major negative effect on the study results since it 
appears that the 19 patients recruited and evaluated at OHCRC have similar baseline 
characteristics to those who did not participate.  
 
A stronger study design would have been a nested case-control study, which benefits 
from the prospective observational study as well as the case-control design, meaning 
having patients without pain at 6 months as a comparison group. This was the  initial 
planned study design but was not feasible to conduct due to the same problems 
articulated above regarding recruiting patients with pain plus 
• The lack of desire for patients without pain to seek information about pain that doesn't 
apply to them. 
• Matching criteria, that being gender, age (+/- 3 years) and tooth (+/- 2 teeth but same 
arch and type) resulted in few controls in the parent study to draw from. 
• Focusing on first enrolling patients with pain, and then matching controls to those with 
pain, resulted in a delay in contacting them and passing the follow-up time deadline, 
that being 3 months after their 6 months report. 
In future studies the previously mentioned problems can be avoided by adding this study 
into the consent process of the parent study and streaming the “pass-off”, making the 
matching criteria less stringent, and initiating the enrollment of controls early.  
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Finally, the lack of pre-operative information specifically that needed for driving an 
initial diagnosis for initiation of RCT limits the ability to assess healing following RCT. 
Having pre-operative radiographs could have allowed for assessment of longitudinal 
changes, such as increased or decreased size of the periapical radiolucency and changes 
in the lamina dura. 
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CONCLUSION 
 
Given the 10% overlap of reasons for pain presenting 6 months following RCT, in our 
sample odontogenic reasons for this pain occured less frequently than nonodontogenic 
reasons (42% vs. 53% respectively) and about 16% reported some level of pain that 
seemed to be related to ”delayed healing”. Of patients with odontogenic reasons about 
1/3 was related to the previously treated tooth and the other 2/3s were related to adjacent 
teeth. TMD, presenting as reproduction of familiar “tooth” pain when various muscles of 
mastication are palpated, was the most common nondontogenic reason for pain, 
comprising 42% of all patients and 80% of those with only nonodontogenic pain. PDAP 
was less common, comprising 10% of all patients with pain at six months and 20% of 
those with only nonodontogenic pain. No patients were found to have a headache 
disorder or distant pathology as a reason for their pain in our sample of patients.  
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Table 1. Demographic characteristics of study subjects  
 
Demographic 
Characteristics 
 
Cases (19) 
Number (%) or 
Mean (SD)  
Gender 
 Male (%) 
 Female (%) 
 
 
3 (16) 
16 (84) 
Age 
 20-30 
 30-40 
 40-50 
 50-60 
 60-70 
 
 
2 (10) 
3 (16) 
1 (5) 
10 (53) 
3 (16) 
Ethnicity 
Non Hispanic or Latino 
 
19 (100) 
 
Race 
White 
Other  
 
18 (95) 
1 (5) 
 
Marital Status 
Married  
Divorced 
Single (Never married) 
Significant other in household 
 
7 (37) 
4 (21) 
5 (26) 
3 (16) 
 
Education 
High School  
Some or completed College 
More than a collage degree 
 
2 (10.5) 
15 (79) 
2 (10.5) 
 
Work Status  
Employed  
Non- Employed 
 
16 (84) 
3 (16) 
 
*Income  
Less than $10,000 to 29,999 
$30,000 to $59,999  
$60,000 to $80,000 or more 
  
 
4 (21) 
5 (26) 
9 (47) 
 
*Missing income data for 1 patient. 
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Table 2. Characteristics of study RCT teeth 
 
 
 
 
 
Tooth related data  Cases 
Number (%) 
Arch 
  Maxillary 
  Mandibular 
 
10 (53) 
9 (47) 
 
Tooth type 
  Anterior 
Premolars  
Molars  
 
2 (11) 
4 (20) 
13 (69) 
 
Restoration type 
Crown 
Amalgam restoration 
Composite restoration 
 
16 (84) 
2 (11) 
1 (5) 
 
Periodontal probing 
≤ 3 mm 
4-5 mm 
≥ 6 mm 
 
15 (79) 
3 (16) 
1 (5) 
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Table 3. Subjects’ pain related characteristics in relation to diagnoses 
  
 
 Odontogenic 
(study & adjacent 
teeth) 
Number (%) 
Nonodontogenic  
(TMD & PDAP) 
Number (%) 
Mixed 
Odontogenic/ 
Nonodontogenic 
Number (%) 
Delayed 
Healing 
 
Number (%) 
Pain intensity  
0 
1-2 
3-4 
 
4/6 (66) 
1/6 (17) 
1/6 (17) 
 
2/8 (25) 
5/8 (62.5) 
1/8 (12.5) 
 
0 
1/2 (50) 
1/2 (50) 
 
2/3 (67) 
1/3 (33) 
0/3 
 
Pain quality 
No pain  
Dull achy 
Sharp 
Throbbing 
 
1/6 (17) 
3/6 (50) 
2/6 (33) 
0 
 
1/8 12.5) 
4/8 (50) 
1/8 (12.5) 
2/8 (25) 
 
0 
1/2 (50) 
0 
1/2  (50) 
 
2/3 (67) 
1/2 (33) 
0 
0 
 
*Pain localization 
No pain 
Well localized 
Diffuse 
 
1/6 (17) 
5/6 (83) 
0 
 
3/8 (37.5) 
2/8 (25) 
2/8 (25) 
 
0 
0 
2/2 (100) 
 
2/3 (67) 
1/3 (33) 
0 
*Temporality of 
pain 
No pain 
Intermittent 
Constant  
Variable 
 
 
1/6 (17) 
3/6 (50) 
2/6 (33) 
0 
 
 
2/8 (25) 
2/8 (25) 
2/8 (25) 
1/8 (12.5) 
 
 
0 
0 
1/2 (50) 
1/2  (50) 
 
 
0 
0 
1/3 (33) 
2/3 (67) 
 
History of Orofacial 
pain 
TMD 
Present  
Absent  
HA & Sinusitis 
Present 
Absent 
 
 
 
3/6 (50) 
3/6 (50) 
 
3/6 (50) 
3/6 (50) 
 
 
 
2/8 (25) 
6/8 (75) 
 
5/8 (62.5) 
3/8 (37.5) 
 
 
 
1/2 (50) 
1/2 (50) 
 
1/2 (50) 
1/2 (50) 
 
 
 
0 
3/3 (100) 
 
1/3 (33) 
2/3 (67) 
 
**History of other 
overall chronic pain 
Present 
Absent  
 
 
4/6 (77) 
2/6 (33) 
 
 
6/8 (75) 
2/8 (25) 
 
 
2/2 (100) 
0  
 
 
2/3 (67) 
1/3 (33) 
 
 
*1 patient with missing data for nonodontogenic group 
**Other overall chronic pain included: neck, shoulder, knee, ankle and pelvic pain, and one case of 
multiple sclerosis. 
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Table 4. Physical findings related to persistent pain 
  
Clinical signs 
 
Exclusively 
Odontogenic 
(study & 
adjacent 
teeth) 
Number (%) 
Exclusively 
Nonodontogenic 
(TMD &PDAP) 
Number (%) 
Mixed 
(Odontogenic/ 
Nonodontogenic) 
Number (%) 
Delyaed 
healing 
Number (%) 
Percussion testing, 
vertical 
Tender 
Nontender 
 
 
 
5/6 (83) 
1/6 (17) 
 
 
5/8 (62.5) 
3/8 (37.5) 
 
 
2/2 (100) 
0 
 
 
1/3 (33) 
2/3 (67) 
Palpation testing  
(apical tissue, 
buccal to tooth) 
Tender 
Nontender 
 
 
 
 
1/6 (17) 
5/6 (83) 
 
 
 
3/8 (37.5) 
5/8 (62.5) 
 
 
 
0 
2/2 (100) 
 
 
 
0 
3/3 (100) 
*Pain with biting 
on tooth sleuth 
Tender 
Nontender 
 
 
 
5/6 (83) 
1/6 (17) 
 
 
3/8 (37.5) 
3/8 (37.5) 
 
 
1/1 (50) 
1/1 (50)  
 
 
1/3 (33) 
1/3 (33) 
 
*Missing data for 2 patients in the exclusively nonodontogenic group and for 2 patients in  
the delayed healing group.  
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Table 5. Radiographic findings in relation to diagnoses 
 
                 PA films 
 
             CBCT scans  
 Normal 
Number (%) 
Radiolucency 
Number (%) 
Normal    
Number (%) 
*Significant  
Number (%) 
Odontogenic    
(RCT tooth, adjacent tooth) 
 
 
  2/6 (33)                 4/6 (67) 
 
    0/6 (0)            6/6 (100) 
Nonodontogenic  
(TMD &PDAP) 
 
 
  6/8 (75)                 2/8 (25) 
 
    7/8 (89)          1/8 (11)         
Mixed odontogenic/ 
Nonodontogenic 
 
 
  1/2 (50)                  1/2 (50) 
    
    1/2 (50)         1/2 (50) 
 
Delayed Healing 
 
  
  1/3 (33)                 2/3 (67) 
    
 
    1/3 (33)          2/3 (67) 
 
* Significant findings included missed canals, C-shaped canals, overfilled and/or 
underfilled canals.  
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Table 6. Comparing baseline characteristics of all RCT patients with persistent pain at 6 
months to those evaluated in our study 
 
   
   Age 
in 
Year
s 
(SD) 
Female 
Gender 
N (%) 
Teeth N (% of subjects) Ave. Pain 
Intensity 
at 6 
Months 
0/10 (SD) 
# Days 
in Pain 
last 
Month 
N (SD) 
Taking 
Meds for 
Pain 
N (%) 
# Days with 
Lost 
Activity 
N (SD) 
Arch Location 
Mx. Mn. Ant
. 
Post. 
 
RCT 
Pts with 
Pain 
at 6 
months 
[N=38] 
 
45 
(13) 
 
31 
(82) 
 
22 
(58) 
 
16 
(42) 
 
6  
(16) 
 
32 
(84) 
 
2.9  
(2.0) 
 
9.1  
(9.3) 
 
21  
(55) 
 
0.5 
(1.6) 
[3 patients] 
 
RCT 
Pts with 
Pain 
 at 6 
months 
& 
Evaluat
ed  
[N=19] 
 
49 
(13) 
 
16 
(84) 
 
10 
(53) 
 
9  
(47) 
 
2  
(11) 
 
17 
(89) 
 
2.8 
(1.6) 
 
11.3  
(9.8) 
 
 
11  
(58) 
 
0.6  
(2.0) 
[2 patients] 
 
Data in table 6 is derived from parent study (66) and from (unpublished data, Nixdorf et 
al). 
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Figure 1. Study protocol and data collection process for the parent and nested study 
 
Participants enrolled in 
primary study in MN 
              N=390 
Eligible cases for 
recruitment reporting pain 
on “patient survey 6 
months after treatment” 
              N=38 (11%) 
Total number of subjects 
consenting to participate 
             N=20 
Not enrolled  
• Patients refusing to 
participate in study 
•  Staff unable to 
contact patients 
             N=18 
Participants with data at 
6 months after treatment 
             N=354 
Participants excluded 
during data analysis 
• Patient reported 
pain in only 1 of 
the 2 pain 
questions 
               N=1 
Total number of subjects 
enrolled 
             N=19 
Participants enrolled in 
the National Dental 
PBRN parent study 
             N= 708 
Clinical evaluation 
ORF and 
Endodontic  
History and 
physical 
evaluation 
          + 
Diagnostic 
Imaging  
CBCT & PA 
 
Experts’ 
Consensus 
diagnosis 
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Figure 2. Experts’ consensus diagnoses of cases 
 
 
 
Exclusively 
Odontogenic  
Pathology related 
to adjacent tooth 
      N=6 (32%)  
Exclusively 
Nonodontogenic 
     N= 8 (42%) 
 
“Delayed 
healing” 
     N=3 (16%) 
19 patients meeting 
criteria for persistent 
tooth pain 
Mixed 
Odontogenic/ 
nonodontogenic  
      N=2 (10%) 
 TMD 
  N=7 
  PDAP 
    N=1 
Adjacent 
+TMD 
   N=1 
Adjacent  
+ PDAP 
    N=1 
Study 
tooth  
N=3 
Adjacent 
tooth 
N=3 
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Figure 3. Diagram outlining etiology of patients’ pain complaints  
Exclusively  
Nonodontogrnic  
42% 
N= (8) 
 Mixed 
10% 
  N= (2) 
Exclusively  
Odontogenic 
     32% 
    N= (6) 
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Appendix 3 
 
 
CBCT checklist of findings 
 
                               Periapical Radiograph checklist of findings 
 
 
 Within 
Normal 
Limits 
Abnormal- 
Unlikely to 
be 
contributing 
to symptoms 
Abnormal- 
Likely to be 
contributing 
to symptoms 
Abnormal- 
possibly 
contributing 
to symptoms 
1. Temporomandibular 
Joint 
    
2. Maxillary Bone     
3. Nasal Bone     
4. Mandible     
5. Frontal Bone     
6. Teeth     
7. Sinuses     
8. Brain Stem     
9. Floor of mouth-  
      soft tissues 
    
10. Muscles of mastication     
 Within 
Normal 
Limits 
Abnormal- 
Unlikely to be 
contributing to 
symptoms 
Abnormal- 
Likely to be 
contributing to 
symptoms 
Abnormal- 
possibly 
contributing to 
symptoms 
1. Radiolucency     
2. Radioopacity     
3. Cracks/fractures     
4. Over/underfilled 
tooth 
    
5. Missed Canals     
6. Coronal seal     
7. Loss of Lamina 
dura 
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Appendix 4 
 
Consensus Diagnosis 
 
 
 
 Confidence Level 
0,1,2 
Confidence Level 
0,1,2 
 Dr. Alan Law Dr. Donald Nixdorf 
1.   
2.   
3.   
4.   
5.   
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